To evaluate the effect of Black cumin (Nigella sativa Linn.) pre-treatment on renal ischemia/reperfusion (I/R) induced injury in the rats.
Introduction
Renal ischemia and reperfusion (I/R) injury is the major cause of acute renal failure (ARF) and may also be involved in the development and progression of some forms of chronic kidney disease 1 , which is encountered in many clinical conditions such as kidney transplantation, partial nephrectomy, hemorrhagic shock, certain hypotensive states, and elective urological operations major vascular surgery such as renal artery angioplasty and aortic aneurysm surgery [2] [3] [4] .
The post-ischemic kidney usually undergoes a series of complicated pathophysiological changes, including inflammation, regeneration, apoptosis and interstitial fibrosis. Renal ischemia induces oxidative stress, which results in exacerbated and prolonged systemic inflammatory response and the presumptive death of renal cells after reperfusion 2, 3 . Reperfusion injury is one of the main causes of acute renal injury, which can manifest histologically as acute tubular necrosis 5 . Reactive oxygen species (ROS) which are generated in high concentration in ischemic organs after reperfusion have various cytotoxic effects, including DNA damage, protein oxidation and nitrosylation, lipid peroxidation, and induction of apoptosis 6 . Increased reactive oxygen species during renal reperfusion, directly endanger glomerular and tubular epithelium integrity, one of the factors in the development of acute tubular necrosis 7 .
Free radical depletion for the treatment of reperfusion injury has found its clinical benefits in the prevention of postischemic tissue injury following organ transplantation 8, 9 . ROS collectively are instrumental in impairing overall renal function and in inducing apoptosis in renal cells 10 . Antioxidant therapy has been well documented to help in the improvement of organ functions and to prevent apoptosis 11 .
Herbal medicines derived from plant extracts are being increasingly utilized to treat a wide variety of clinical disease.
More attention has been paid to the protective effects of natural antioxidants. Natural antioxidants strengthen the endogenous antioxidant defenses from reactive oxygen species (ROS) and restore and optimal balance by neutralizing the reactive species. Considering the numerous beneficial effects and particularly antioxidant activity of Black cumin, it is believed that the seeds of this plant are capable to protect the kidneys against oxidative stress during I/R injury. Therefore, the present study evaluated the beneficial effects of Black cumin on kidney histopathology, function markers and antioxidant activities in renal ischemia/reperfusion (I/R) induced injury in the rats.
Methods
Investigations were conducted in accordance with the internationally accepted principles for laboratory animal use and care as found in the United States guidelines (United States National
Institutes for Health publication no. 85-23, revised in 1985) and our Ethical committee on animal care approved the protocol.
Plant materials
Black cumin seeds were purchased from a local herb store in Tabriz, Iran. The seed was identified and authenticated by Professor Dr. Abbas Delazar, head of Pharmacognosy department.
After cleaning the seeds under running tap water for 10 min, they were rinsed twice with distilled water and air dried in an oven at 40°C overnight until a constant weight was attained. The seeds were grounded to a powder shape using an electric grinder (Zhejiang, China) for 6 minutes and were mixed with rat chow pellet powder into different doses as 0.5% (low dose), 1% (medium dose) and 2% (High dose). .
Animals

Chemicals
All chemicals used in this study were of analytical grade and obtained from Nanjing Jiancheng Bioengineering Institute, Nanjing, China.
Surgery and experimental design
Animals were anesthetized by with intraperitoneal injection of ketamine-xylazine (50 mg/kg and 10 mg/kg, respectively). The abdominal area was prepared with povidone iodine. Autoclave-sterilized surgical instruments were used for the 
Kidney function study
Serum creatinine (Scr), blood urea nitrogen (BUN), and uric acid levels were measured by commercial assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) using semiautomatic analyzer.
Estimation of antioxidant activity
The kidney homogenate was centrifuged in 7000 ×g for 10 minutes at 4˚C and supernatant were used for measurement of oxidative stress by estimation of reduced glutathione (GSH) and determination of malondialdehyde (MDA) as well as antioxidant enzymes (AOE) such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px). GSH, MDA, SOD,
CAT and GSH-Px were measured by using commercially available kits according to the manufacturer's protocol (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Protein contents were measured using the dye-binding assay of Bradford method 31 .
GSH reacts with 5,5′-dithiobis-2-nitrobenzoic acid, and the absorbance spectra of the product have a maximum 
Microscopic studies
The renal sample was fixed by immersing it in 10%
neutral-buffered formalin. The sample was then embedded in paraffin, sliced into 5 μm sections, and stained with hematoxylineosin. The renal sections were examined blindly by an expert pathologist for tubular cell swelling, interstitial edema, tubular dilatation, and moderate to severe necrosis in all treatments. A minimum of 10 fields for each kidney slide were examined and assigned for severity of changes using scores on a scale of mild (1+), moderate (2+), and severe (3+) damage [36] [37] [38] .
Statistical analysis
The Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA), version 17.0, was used for statistical analysis.
All data are presented as mean ± SEM. Before statistical analysis, all variables were checked for normality and homogeneity of variance by using the Kolmogorov-Smirnoff and Levene tests, respectively. The data obtained were tested by ANOVA followed by Tukey's post-hoc multiple comparison test.
Results
Kidney function study Water intake and urinary excretion rates and kidney-body weight ratio in experimental rats are depicted in Table 2 . Urinary excretion rate significantly decreased in I/R rats as compared with the sham animals (p<0.001). It dose-dependently significantly (p<0.05 and p<0.01, respectively) increased by pretreatment with Black cumin in the I/R+ Black cumin 1 and 2% groups. Pretreatment with Black cumin 0.5% led to non-significant elevation in the urinary excretion rate (Table 2) . Water intake decreased in animals with reperfusion injury as compared with the rats in sham operation group (p<0.001) and it dose-dependently significantly (p<0.05 and p<0.01, respectively) increased by pretreatment with Black cumin in I/R+ Black cumin 1 and 2%) groups. Pretreatment with Black cumin 0.5% led to a non-significant elevation in the water intake rate (Table 2) . Finally, the ratio of kidney weight to body weight also increased in the reperfusion group as compared with sham group (p<0.001). Pretreatment with Black cumin 1 and 2% dose-dependently significantly (p<0.05 and p<0.01, respectively) decreased this ratio compared with no Black cumin pretreatment in the reperfusion group. Pretreatment with Black cumin 0.5% led to a non-significant reduction in the kidney-body weight ratio. TABLE 2 -Effect of Black cumin pretreatment on water intake and urinary excretion rates and kidney-body weight ratio in experimental rats.
Group Water intake (mL) Urinary excretion (mL) Kidney-body weight ratio
Antioxidant activity
Effect of Black cumin pretreatment on renal MDA and GSH levels and SOD, CAT and GSH-Px activities in experimental rats are presented in Table 3 . In I/R group, ischemia and reperfusion caused significant decreases in tissue GSH levels and antioxidant enzymes (SOD, CAT and GSH-Px) activities (p<0.001) when compared with the sham control group. In the I/R+Black cumin 1 and 2% groups, GSH levels and these antioxidant enzymes activities were found to be dose-dependently significantly increased (p<0.05 and p<0.01, respectively) compared to IR model group.
Pretreatment with Black cumin 0.5% led to a non-significantly increases in the levels of mentioned renal antioxidant agents ( Table   3 ). As expected, the level of renal MDA was significantly increased in IR model rats compared with sham rats as shown in The minus sign indicates no morphological change and plus sign indicates some changes.
Histopathological findings
FIGURE 1 -Microscopic appearance from kidney tissues of the experimental rats (H and E, x250). a)
Sham operation group rat kidney showing normal renal structure. bI; bII) I/R model rat kidney shows sever interstitial edema and hemorrhage associated with tubular degeneration and necrosis as well as irregular glomerular morphology. I/R model rat kidney. There are hyaline casts occluding the tubules with some tubular dilatation. c) I/R+ Back cumin 0.5%-treated kidney shows mild glomerular and interstitial hyperemia and apparent glomerular and tubular epithelial cells degeneration. d) I/R+ Back cumin 1%-treated kidney shows normal appearance except for moderate vacuolar degeneration. e) I/R+ Back cumin 2%-treated kidney shows normalcy of renal structure and pathologic changes are no longer present.
Discussion
The results of our study indicated that pre-treatment with In renal I/R injury, ROS are responsible for lipid peroxidation of biological membranes, which it will ultimately results in cell death 40, 41 . The protection provided by free radical scavengers against ROS produced during I/R supports the hypothesis that free radical species are involved in the cellular pathogenesis of I/R 42 . A main event in the induction of kidney injury during I/R is the generation of reactive oxygen species (ROS) 43, 44 . ROS, which are produced during renal reperfusion, have diverse cytotoxic effects, including DNA damage, protein oxidation and nitrosylation, lipid peroxidation, and induction of apoptosis 6 .
We assessed the potential of Black cumin by studying its effect on lipid peroxidation, which was measured in terms of MDA, a stable metabolite of the free radical-mediated lipid peroxidation cascade. In our study, animals subjected to renal I/R demonstrated an increase in the renal MDA and attenuated antioxidant enzymes pool. Black cumin reversed the increase of MDA levels to a considerable extent, thereby confirming its antioxidant role in I/R, indicating that Black cumin prevented lipid peroxidation and protein oxidation in the renal I/R process.
In our study, GSH which is known to be depleted following an ischemic insult 45 was decreased with renal ischemia reperfusion process. Black cumin-pretreated rats exhibited higher GSH contents than their respective controls, indicating that Black cumin helped in replenishing the GSH pool.
The fact that Black cumin causes a significant increase in CAT, GSH-Px and SOD activities in comparison with I/R group, suggesting that it might have an antioxidant effect through the increase in SOD, GSH-Px and CAT enzyme activities. Altogether, the mechanism of the protective effect of Black cumin on renal I/R injury can be explained by its antioxidant activity. The renninangiotensin system plays a pivotal role in regulation of blood pressure. Renin acts on angiotensinogen to form angiotensin-I, which is converted to angiotensin-II with the help of angiotensinconverting enzyme 46 .
Accumulating evidence suggests that angiotensin-II stimulates intracellular formation of ROS such as superoxide anion and hydrogen peroxide that leads to kidney damage 47 . Generation of ROS has been postulated as one of the major factors contributing to this reperfusion injury. Oxidative stress can result from increased ROS production, and/or from decreased ROS scavenging capability.
The ROS attach to the polyunsaturated fatty acids in the membrane lipids and result in peroxidation, which may lead to disorganization of cell structure and function. After reperfusion and reoxygenation, the imbalance between restoration of oxygen supply and mitochondrial respiratory function results in massive generation of superoxide anion in mitochondria 48, 49 . Under these conditions, the defensive system, which is known as antioxidant or antioxidant enzymes, cannot prevent the escape of ROS, especially in mitochondria, and their effects on other intracellular sites. This cascade of events is known as reperfusion injury 49 .
In this study, renal I/R increased oxidative stress products 
Conclusion
Pretreatment with antioxidant Black cumin significantly protect renal ischemia/reperfusion injury in rats.
